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ARTICLE INFO ABSTRACT
Keywords: Objectives: Dynamic systems aim to create an environment that encourages bone healing while
Proximal femur fractures minimizing stress shielding, which is a phenomenon where the bone loses density due to a lack of

Finite element analysis

stress during the healing process. In this study, it was aimed that the stress distributions on plates
Dynamic hip plate screw

of different lengths in the dynamic hip plate screw system were investigated.

Materials and methods: In our study, the human proximal femur model (3-D) obtained from
computerized tomography was transferred to Finite Element Analysis (FEA) computer simulation.
Plates with 2-4-6 holes were placed on the knitted bone model. The models used in this study
were mainly determined as five components: cortical-cancellous bone, lateral plate, cortical
screws, and compression neck screws. A 1 mm intertrochanteric fracture area was created from
the trochanter major region.

Results: When plates of different lengths were applied, there was no significant difference in the
stress in the compression screw and the chamber it was located in.

It shows that when a 2-hole plate is used, the stress will be high, especially between the lower
cortical screw and the cortex. In these three groups, it was observed that the stress points were in
at least 6-hole plates.

Conclusion: The results of this study showed that the shorter the plate applied, the greater the
stress on the plate and cortical screws in the femur diaphysis.

1. Introduction

Proximal femur fractures are a common clinical picture that can occur after high-energy trauma in general or low-energy trauma in
cases of osteoporosis. It has been reported that the most common type of fracture, which can be classified as intracapsular,
trochanteric, and subtrochanteric, is a trochanteric fracture [1,2].

Intertrochanteric femur fractures can occur with the effect of direct or indirect force. While direct forces cause fracture by acting
directly along the femoral axis or on the greater trochanter as a result of a fall or direct impact, indirect forces cause fractures due to the
sudden pulling forces exerted by the iliopsoas muscle on the small trochanter and abductor muscles on the large trochanter [3,4].

Dynamic hip plate screw system, which is one of the osteosynthesis methods in proximal femur extracapsular fractures, is a
preferred surgical method [5]. Fracture types have been tried to be standardized with different classification techniques. Boyd and
Griffin, Evans, Evans-Jensen, and AO/Anterior Subcutaneous Internal Fixator (AO/ASIF) classifications are widely used in the clas-
sification of fractures [6]. Although conservative and surgical methods are used in the treatment of these fractures, surgical methods
are preferred because it is not possible to achieve the desired level of success with conservative methods, or very long treatment periods
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are needed [7,8]. While many different applications are used in the surgical treatment of intertrochanteric fractures, it has been
determined that the level of success differs according to the type of implant used and the method of application. It has been determined
that the implant system known as DHS (Dynamic Hip Screw) is one of the most commonly used implant systems in the treatment of
trochanteric fractures and cannot show the desired success in the treatment of unstable intertrochanteric femur fractures [9]. DHS is a
type of osteosynthesis that is relatively easy to apply during surgery in stable fractures and is thought to have a positive effect on union
due to its compression on the fracture site [10].

In the DHS plate screw system, it has been argued that there should be 4 holes for the perforated plate part that allows the proximal
femur to be attached to the body. However, some researchers have argued that 2-hole plates are as sufficient as 4-hole plates in terms of
stability [11-14].

Although there are studies on the stress and load distribution on the screws, there is no study on plate length as far as we can
determine. The plate length in dynamic hip plate systems is an important factor that plays a significant role in the overall stability,
fixation, and functional outcome of orthopedic surgeries involving hip fractures. The design and selection of the appropriate plate
length are crucial for ensuring optimal healing, biomechanical performance, and patient recovery. Some key points are highlighting
the importance of plate length in dynamic hip plate systems; and these are stability and fixation, load distribution, fracture pattern,
biomechanics, dynamic functionality, reduction of stress shielding, screw placement, and clinical outcomes [15].

This study aims to investigate the load distribution on cortical screws, plates, and femur models for different plate lengths with 2-4-
6 holes, and compare the results.

2. Material and method

In our study, the human proximal femur model (3-D), obtained from computerized tomography images (visible human project)
provided by the National Institutes of Health in the USA, was transferred to FEA computer simulation. Creating a model of the human
proximal femur based on Computed Tomography (CT) scans involves a combination of imaging, segmentation, and 3D printing
techniques. The choice of materials for the physical model can vary based on the intended use of the model. Some common options for
creating physical models of the human proximal femur include Acrylic or Plastic Resins, Plaster or Gypsum, Polyurethane Foams,
Biomaterials and Hydrogels, and Metal or Metal Alloys [16]. The choice of material will depend on factors such as the intended use of
the model (educational, surgical planning, research, etc.), the level of detail required, the available technology for creating the model,
and budget considerations. In our study, the models were made up of acrylic resins, and the plates and screws were metal.

Plates with 2-4-6 holes were placed on the knitted bone model. The created simulation is shown in Fig. 1.

The models used in this study were mainly determined as five components: cortical-cancellous bone, lateral plate, cortical screws,
and compression neck screws. The model was basically divided into two main components as cortical and cancellous bones. A 1 mm
intertrochanteric fracture area was created from the trochanter major region. In this study, regarding DHS and cortical screws, 3D
Computer-Aided Design (CAD) software (pro/engineer wildfire 5.0) was used for drawing. Moreover, the CAD software application
was used to integrate the femur, DHS, and screws. The model’s behaviour under bending, torsional, and axial loading, as well as its
stiffness and diaphyseal strain distribution, are consistent with those of natural bones, and it is free of the variability and preservation
issues that are common with cadaver bones.

In this experiment, all models are assumed to be continuous, isotropic, and homogeneous linear elastic materials. This study
primarily assesses various internal fixing techniques from a structural standpoint. All internal fixation devices are composed of tita-
nium alloy to eliminate result deviation brought on by various materials. The hip joint’s contact force is indicated above the femoral
head and the places where the muscles attach to or wrap around. The load conditions in this study will be determined by the static and
dynamic conditions of the hip joint’s contact force. As a result, both static and dynamic circumstances will be used to systematically
compare each model under three load instances [17,18].

The diameter of the screws was determined as 4.5 mm. The puller screw was placed in the midsection of the femoral head. A
distance of 10 mm was provided between the puller screw and the femoral head. In addition, the tip apex distance was determined as
22.5 mm. In the study, the plate-screw strut was arranged to be in contact with the surrounding bone after the screws were set to be
bonded to the metallic plate. The circumstance resembles the concept of the industrialized “locking plate.” The plate’s length, which

2 hole DHS 4 hole DHS 6 hole DHS

Fig. 1. 2-4-6 hole plate screw system placed on the bone model.
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was determined using the original Ogden model, is standard. In this study, DHS is divided into 3 groups according to their lengths 2
holes, 4 holes, and 6 holes. After the three-dimensional computer model was completed, the model analysis was evaluated in Ansys
15.0 software (ANSYS, Inc., Canons-burg, PA). In this study, the force on the femoral head was simulated in the vertical plane. The
acting force is limited by load conditions and boundary conditions. The manufacturer’s catalogue (Zimmer, Warsaw, IN, USA) was
used as the basis for the creation of the cable plate, and wires. The acting force, the stable ground, and the plate part are shown in Fig. 2.

The loading condition was used to simulate the force on the femoral head while a subject was standing upright, and therefore a
downward force of 400 N (N) was applied to the femoral head to mimic the force in both lower extremities [19]. In addition, fixed
support was provided to the distal part of the femur for the boundary condition used in this study. This is indicated as the ground. The
displacement in the fixed part was set to 0. The material properties of cortical bone, cancellous bone, plate, screw, and compression
screw parts used in the study were obtained from previous studies [20-22]. The DHS type consisted of a femur model with a length of
483 mm for an average height of an adult, three plates of length 130, 85, and 42 mm and 18 mm width, two 41 mm long distal screws,
and 75 mm long lag screw with a thread length of 30 mm and a diameter of 4.5 mm. Each cannulated screw measured 85 mm overall,
7.3 mm in diameter, and 16 mm in thread length. All dimensions utilized in the simulation were determined in accordance with ISO
21534 standards.

Two independent parameters, Young’s modulus, and Poisson’s ratio were used to express the material properties. The material
properties used in the simulation are shown in Table 1.

In the analysis of our study, the von Mises distribution of material tensile stresses in FEA was used as an indicator. The observed von
Mises stretch zones were determined as the sites on the compression screw, lateral plate, and cortical screws. The stress distribution
state on the medial and lateral sides of the body region of the femur was used to examine different stress factors in DHS when lateral
plates of different lengths are used.

Before FEA was applied, a convergence test was performed on the built model. This has been applied to get accurate results with the
FEA model while performing simulation analysis.

Regarding the convergence test model, the established mesh size control was used as a basis. The mesh size was determined as 5, 4,
3, and 2 mm, and tetrahedral structures were mostly implemented in ANSYS 15.0 software. Although this study has given the di-
mensions of the mesh structure, the software automatically refines the mesh in a place where there is a large curvature in the functions
of the mesh, such as screw threads on a screw. A downward force of 400 Nm was applied as a load condition on the femoral head. Fixed
support was used on the diaphysis of the femur (Fig. 2). Simulations involving complex structures like the femur often require the
consideration of contact interactions between different parts or components. The femur is the thigh bone and is one of the strongest and
longest bones in the human body. Modelling the femur using finite element analysis can provide valuable insights into its biome-
chanical behaviour under various loading conditions, such as during walking or impact. In FEA simulations of the femur, contact
definitions are essential for accurately representing how different parts of the bone interact with each other or with external objects.
The type of contact definition chosen greatly influences the simulation results and accuracy. In our study, two types of contact were
used, that is tied and frictional contact.

Different sizes of mesh were used for the created convergence test. Von Mises tensile forces are shown in Table 2, including stress
points in the medial and lateral regions of the femur for the convergence values listed and all groups’ errors fell within an acceptable
range (<0.3%). All nodes on the distal cross-section had zero degrees of freedom, which was the boundary requirement. The vertical
displacement of the nodes in these groups was then obtained by selecting the typical points with the same position in each mesh group
and the total strain energy of the entire model. The convergence test results were compared to those of the group using a mesh size of 2,
3, 4, and 5 mm.

In three different created models, differences were found in the convergence of 2.350%, 0.874%, and 0.268%. Convergence levels
were determined as 97.549%, 99.025%, and 99.631%. In previous studies, it was emphasized that these convergence results were
acceptable for the current study and that a 5% convergence criterion was used for the convergence test ([19,23-27]).

l Force

Stabil
ground i

Fig. 2. Force acting in the vertical plane and stable ground.
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Table 1

Material properties used in the study.
MATERIAL Young’s Modulus (MPA) POISSON RATIO
CORTICAL BONE 17,000 0.3
CANCELLOUS BONE 1000 0.3
LATERAL PLATE 200,000 0.3
COMPRESSION SCREW 200,000 0.3
CORTICAL SCREW 118,000 0.3

MPa: Mega Pascal.

Table 2
Convergence test results for different plate lengths.
Mesh Size  2-hole pattern Convergence level 4-hole pattern Convergence level 6-hole pattern Convergence level
(MPa) (%) (MPa) (%) (MPa) (%)
5 mm 4.0928 94.467 4.4765 97.256 4.5089 98.252
4 mm 4.0944 94.973 4.4009 97.780 4.5232 98.560
3 mm 4.2039 94.549 4.4123 98.025 4.5265 98.631
2 mm 4.3346 - 4.4577 - 4.5436 -

These results show that the created model converges with each other. Therefore, it shows that it would be reasonable to use the
finite element mesh model to study DHS plates of different lengths. After the applied convergence test, a 3 mm mesh was used as an
analysis simulation of the mechanics in the standard ANSYS 15.0 software for all the FEA models used in the study, the tetrahedral
elements mesh sections. In the study, 92,985 nodes and 52,954 elements in the 2-hole model, 116,835 nodes, and 65,987 elements in
the 4-hole model, and 153,345 nodes, and 79,919 elements in the 6-hole model were used.

The results of this study are shown in Fig. 3. In the figure, it can be observed that the stress point was higher between the femoral
cortices and the cortical screws when a 2-hole plate was used.

It was shown that when a 2-hole plate is used, the stress will be high, especially between the lower cortical screw and the cortex. In
these three groups, it was observed that the stress points were lower in the 6-hole plate.

3. Discussion

The DHS plate screw system is a common type of implant used in stable proximal femur fractures. The success of osteosynthesis
depends on bone quality, tip apex distance, and fracture pattern [28-30]. Compression screw and plate fracture and cortical screw
failure are complications that can be observed commonly. Placing screws of appropriate length is a measure to prevent these
complications.

However, a longer plate causes more soft tissue damage. Although it is said in some studies that the 2-hole plate system can provide
appropriate stability, it has been determined that in this case, it increases the stress on the plate and cortical screws [11,12,31]. It has
been reported that the most common complication is cortical screw breakage [11]. The 2-hole plate can’t correct the incorrect bolt
trajectory, and it just raises the danger of unreasonably high subtrochanteric cortical strain. The 2-hole plate did not provide me-
chanical advantages that outweighed the risk, and the surgical target should remain on the bolt’s central trajectory [32]. Moreover, it

2 hole DHS 4 hole DHS 6 hole DHS
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Fig. 3. 2-4-6 hole plate results.
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was reported that a medial support plate in conjunction with cannulated screw fixation improves surgical exposure, prevents harm to
the femoral neck’s blood supply, and restores the stability of femoral neck fracture. This has a high clinical application value and
greatly lowers the incidence of fracture re-displacement, fracture nonunion, and ischemic necrosis of the femoral head [33].

The researchers used a convergence criterion based on the percentage change in the peak von Mises stress between successive
iterations. They continued refining the mesh until the change in stress between iterations was less than 1%. By using a conservative
convergence criterion, the study ensured that stress values in the femur accurately represented the behaviour during gait, capturing
localized stress concentrations. In the study of Jiang et al. (2022), Young’s Modulus value was found 16,800 MPa for femoral cortical
bone, 840 MPa for cancellous bone, and 105,000 MPa for titanium alloy [15]. In our study, the contact values were a little bit higher,
17,000 MPa for cortical bone, 1000 MPa for cancellous bone, and 118,000 MPa for cortical screws. However, in another study, the
elasticity modulus for cortical bone value was found 19,100 MPa, for trabecular bone 1000.61 MPa, and 115,000 MPA for fixation
screws [18].

There are other contact definitions such as a frictionless penalty-based contact formulation between the femoral stem and the bone
and a frictional contact formulation with a Coulomb friction model between the femoral component and the bone. By using frictionless
contact with an augmented Lagrange formulation, it is aimed to simulate realistic load transfer and potential sliding at the implant-
bone interface, ensuring accurate predictions of implant stability. Incorporating frictional contact in the simulation allowed the study
to account for the tangential forces and potential sliding between the implant and bone, which are crucial in capturing realistic implant
behaviour during squatting [34,35].

In this study, it has been observed that there are some limitations in FEA. Material properties were assumed to be homogeneous,
isotropic, and linearly elastic to facilitate simulation in the current study and were adjusted concerning the literature [19,20,26].
However, even if the results of the hypotheses are different from the real situations, the working trends will not change. In addition,
only the proximal part of the femur was used in the created femur model. This was mainly because the proximal part of the femur was
the position observed in this study, and these simplifications can shorten the computer simulation time. It may also be due to the high
stress caused by the geometric appearance of the high tension and stress concentration produced at the bone-implant interface since it
also had cortical screw fatigues. Therefore, if the study observes the bone-implant interface, it may lead to erroneous research results
using FEA. In normal anatomy, there are many muscle groups including adductor, flexor, extensor external rotator muscle groups, and
internal rotator muscle groups in the hip joint region, in the proximal femur. Since each muscle group includes different muscles, the
forces arising from each muscle group and the direction of movement during movement will be different. Consequently, only the force
vector transmitted from the femoral head to the femoral diaphysis was used in this study so that muscle factors do not complicate the
mechanical analysis. Such an external force approach can avoid the influence of different external forces on the results of the study.
Although some simplifications were made and conditions different from the real situation were used in this study, it showed a clear
trend for the subject investigated.

In this study, the biomechanical status of DHS plate screw systems of different lengths was investigated based on FEA observations.
Although the results obtained from these data may differ from the actual situation, the data provided a reference for surgeons in
orthopedic practice when choosing plate screws of different lengths. It has been shown that there will be gains in reducing failures and
improving the prognosis of patients in terms of implant failures that can be seen in patients.

4. Conclusion

In this study, the stress distributions on plates of different lengths in the DHS plate screw system were investigated. The results of
this study showed that when plates of different lengths were applied, there was no significant difference in the stress in the compression
screw and the chamber it was located in. It was also observed that the shorter the plate applied, the greater the stress on the plate and
cortical screws in the femur diaphysis. The possibility of cortical screw insufficiency increases when a 2-hole plate is applied. It’s
important to note that the choice of plate length should be made by experienced orthopedic surgeons based on a thorough evaluation of
the patient’s condition, fracture type, bone quality, and other individual factors. Surgeons often rely on their clinical judgment,
surgical expertise, and knowledge of biomechanics to determine the most appropriate plate length for each patient’s unique situation.
The results of this study can provide a biomechanical analysis to achieve ideal results in orthopedic practice and are important in terms
of providing a biomechanical basis for future implant designs. Although this study is supported by clinical studies, orthopedic surgeons
need to give an idea about the selection of the appropriate implant for DHS.
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